A Gram-negative, facultatively anaerobic strain was isolated from black tea. On the basis of 16S rRNA gene sequence similarity comparisons, strain T was grouped into the genus Pantoea, being related most closely to the type strains of Pantoea gaviniae (98.5 %) and Pantoea calida (98.3 %); sequence similarities were #97.0 % to the type strains of other species of the genus Pantoea. Multilocus sequence analysis based on partial sequences of the gyrB, rpoB, infB and atpD genes also revealed P. gaviniae and P. calida as the closest phylogenetic relatives. The fatty acid profile showed the major fatty acids of strain QC88-366 T were C 16 : 0 , C 16 : 1 and C 18 : 1 , the same as those of its closest related species. However, the ratio of C 16 : 1 , C 17 : 0 cyclo, C 18 : 1 and C 18 : 2 differed slightly compared with those of the related neighbours. In addition, the results of physiological and biochemical tests also allowed the phenotypic differentiation of strain QC88-366 T from its closest phylogenetic neighbours.
In food hygiene management, bacteria of the family Enterobacteriaceae have been used as indicators to judge possible contamination and inadequate sterilization of food products. In particular, their presence in non-sterilized or pasteurized foods, for example powdered infant formula and milk, indicates a potential risk of food poisoning by pathogenic enteric bacteria. It is a requirement that some commercial additives to pasteurized food show no presence of Enterobacteriaceae. During our investigation of the microbial flora associated with black tea leaves, strain T was isolated as a surviving Enterobacteriaceae after heat treatment sterilization. The result of partial 59 end 16S rRNA gene sequence analysis showed that strain T was related to the family Enterobacteriaceae, but it could not be identified to the species level. This study deals with the further characterization of strain T and shows that it represents a novel species of the genus Pantoea.
Strain QC88-366
T was obtained from black tea extract heated at 90 8C for 12 min. The tea extract was suspended in sterilized water, inoculated in mTGC medium (Nissui) and incubated under anaerobic conditions for 48 h at 35 8C. The culture was then plated on plate count agar (PCA; Merck) and incubated for 24 h at 35 8C. A single colony was picked up and streaked onto a PCA plate, and the pure culture was preliminarily identified based on 59 end partial 16S rRNA gene sequencing analysis using a MicroSeq 500 bacterial identification kit (Life Technologies). Thus, strain T was obtained and initial analysis indicated that it belonged to the family Enterobacteriaceae. Reference type strains of related Enterobacteriaceae were obtained from the Belgian Coordinated Collections of Microorganisms/LMG Bacteria collection (BCCM/LMG), Leibniz-Institut DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH (DSMZ) and Japan Collection of Microorganisms (JCM). The strains were stored at 280 8C in trypticase soy broth (Becton Dickinson) supplemented with 15 % (v/v) glycerol until further analysis. All strains were grown on trypticase soy agar plates at 30 8C for 1 day.
Genomic DNA for 16S rRNA and housekeeping gene sequence analysis was extracted with PrepMan Ultra Sample Preparation Reagent (Life Technologies) according to the manufacturer's instructions. Almost complete fragments of the 16S rRNA gene were amplified and cycle sequencing reactions were done with a MicroSEQ Full Gene 16S rRNA gene Bacterial PCR kit and MicroSEQ Full Gene 16S rRNA gene Bacterial Sequencing kit (Life Technologies), respectively. PCR and cycle sequencing reaction products were purified using a QuickStep2 PCR Purification kit (Edge BioSystems) and BigDye XTerminator Purification kit (Life Technologies), respectively. Electrophoresis and data collection were done using an Applied Biosystems 3130xl Genetic Analyzer (Life Technologies). Multiple sequence alignment was performed using the CLUSTAL W program (Thompson et al., 1994) , with 46 columns of unidentified or polymorphic base positions deleted using the BioEdit (Hall, 1999) software package. The neighbour-joining (NJ) and maximum-likelihood (ML) trees were reconstructed in MEGA version 6 (Tamura et al., 2013) with bootstrap values based on 1000 replications (Felsenstein, 1985) . Gaps and missing data were treated with the complete-deletion option, and nucleotide substitution was based on the Kimura two-parameter model (Kimura, 1980) .
T showed more than 97.0 % pairwise 16S rRNA gene sequence similarity when compared with various species of the family Enterobacteriaceae. On the basis of 16S rRNA gene sequence similarities, the closest phylogenetic relatives of strain T were the type strains of Pantoea gaviniae (98.5 %), Pantoea calida (98.3 %), Salmonella subterranea (97.9 %), Erwinia pyrifoliae (97.8 %), Erwinia amylovora (97.6 %) and Cronobacter muytjensii (97.5 %). Levels of similarity to the type strains of the type species of these genera were lower than 98.0 %: E. amylovora (97.6 %), Cronobacter sakazakii (97.0 %), Pantoea agglomerans (96.9 %) and Salmonella choleraesuis (96.5 %). It was previously reported that the relationship between 16S rRNA gene sequence similarity and DNA-DNA hybridization (DDH) value was curvilinear in the correlation plot, and for gene sequence similarities of #97.0 % the corresponding DDH values were never higher than 70 %. This led to the recommendation to abolish the need for DDH tests in those cases where novel strains showed #97 % 16S rRNA gene similarities with their nearest neighbour species (Stackebrandt & Goebel, 1994) . When the correlation plot was updated, the recommendation was revised to state that DDH testing should be mandatory for determining the genomic uniqueness of a novel isolate when 16S rRNA gene sequence similarity with nearest neighbours was within the range 98.7-99 % (Stackebrandt and Ebers, 2006) . Based to this new criterion, strain QC88-366
T was found to represent a novel species belonging to the family Enterobacteriaceae, although it was difficult to determine the genera to which it should be assigned.
The topology of both NJ and ML trees, based on 16S rRNA gene sequences, was similar and therefore only the NJ tree is shown (Fig. 1) . Pantoea and Erwinia species were shown to be polyphyletic, and strain QC88-366 T clustered with P. gaviniae, P. calida, Pantoea cypripedii, Pantoea dispersa, Pantoea wallisii, Pantoea eucrina and Erwinia toletana. However, bootstrap values for each clade were low, indicating that the phylogenetic position of strain QC88-366 T was not certain. This kind of phenomenon has been reported previously, where several genera within Enterobacteriaceae were shown to be polyphyletic based on 16S rRNA gene sequence phylogeny (Naum et al., 2008; Popp et al., 2010) . Therefore, it was difficult to classify the isolate systematically on the basis of 16S rRNA gene sequences, as it was close to the borderline among multiple genera within Enterobacteriaceae.
16S rRNA gene sequence analysis is the reference method for defining phylogenetic lineages (Olsen & Woese, 1993) , and is useful for describing relationships between distantly related Enterobacteriaceae (Dauga, 2002) . On the other hand, sequences of conserved protein-coding genes, typically housekeeping genes, can provide a higher resolution than 16S rRNA gene sequences and can complement 16S rRNA gene sequence data for taxonomic analysis (Tindall et al., 2010) . To elucidate intra-and inter-generic relationships, it has been recommended to analyse more than one gene sequence, to reduce possible ambiguities caused by genetic recombination or specific selection. Multilocus sequence analysis (MLSA) of concatenated partial gyrB, rpoB, infB and atpD gene sequences has been suggested to be a valuable tool for classification of the genera and species of Enterobacteriaceae (Brady et al., 2008 (Brady et al., , 2013 . The phylogenetic tree based on concatenation of these four gene sequences was preferred over trees based on single gene sequences for species identification in the genus Pantoea (Brady et al., 2008) . Therefore, for the purpose of refining the taxonomic position of strain QC88-366 T , partial sequences of the gyrB, rpoB, infB and atpD genes were analysed. Partial fragments of the atpD, gyrB, infB and rpoB genes were amplified and sequenced following the protocol of Brady et al. (2008) . Consensus sequences of the atpD, gyrB, infB and rpoB genes were concatenated and aligned with reference species data of the genera Erwinia, Pantoea and Tatumella taken from GenBank using the CLUSTAL W program of the BioEdit software package (Table S1 , available in the online Supplementary Material). NJ and ML phylogenetic trees were reconstructed as described for the 16S rRNA gene. The topology of both trees, based on concatenated partial gyrB, rpoB, infB and atpD gene sequences, was similar and therefore only the NJ tree is shown (Fig. 2) . In the tree, the genera Pantoea, Erwinia and Tatumella were shown to be monophyletic, with each clade being well supported by high bootstrap values. Strain QC88-366
T formed an independent cluster along with all type strains of the genus Pantoea, indicating that strain QC88-366 T belonged to the genus Pantoea. For investigation of intraspecies relationships among the genus Pantoea, similarity values of the concatenated four protein-coding gene sequences (hereafter MLSA sequence) and DNA reassociation values were plotted in a scatter graph (Fig. 3 ). Among strains of both different and the same species of the genus Pantoea, MLSA sequence similarity values were highly correlated with DNA reassociation values. Among strains of the same species (filled circles), DNA-DNA relatedness was 89-99 % and MLSA Morphological characteristics were observed by light microscopy (BH2 microscope; Olympus) after 24 h of growth on trypticase soy agar (Becton Dickinson) at 30 8C. The effects of temperature and pH on growth were examined using trypticase soy broth (Becton Dickinson). The growth curve at 28 8C using trypticase soy broth in shake culture was constructed by measuring the OD 660 at 1 h intervals, as an index of increasing cellular mass. The generation time was estimated from the time taken for turbidity in the log growth phase to double. Physiological and biochemical tests were performed using the API 20E and API 50CHE systems (bioMérieux) according to the manufacturer's instructions. P. gaviniae LMG 25382 T and P. calida LMG 25383
T were used as controls to compare results generated in this study with available reference data (Popp et al., 2010) to ensure that the data corresponded. Cell suspensions were prepared from cultures grown on trypticase soy agar at 30 8C for 24 h. API tests were read after 24 and 48 h of incubation. The G+C content of the DNA was analysed using HPLC as described by Tamaoka and Komagata (1984) .
The phenotypic characteristics of strain QC88-366
T generally corresponded to the emended description of the genus MLSA sequence similarity (%) Fig. 3 . Scatter plot comparing the DNA-DNA relatedness and MLSA sequence similarity values (%) for the genus Pantoea. Filled diamonds are values of different species combination, and filled circles values for the same species. Open circles are two different subspecies of P. stewartii. The DNA-DNA relatedness data were referenced from Brady et al. (2008 Brady et al. ( , 2009 Brady et al. ( , 2010 Brady et al. ( , 2011 Brady et al. ( , 2012 and Popp et al. (2010) . Table 1 . Differential phenotypic characteristics between strain QC88-366 T and recognized species/subspecies of the genus Pantoea Taxa: 1, strain QC88-366 T ; 2, P. calida LMG 25383 T ; 3, P. gaviniae LMG 25382 T ; 4, P. septica; 5, P. eucrina; 6, P. cypripedii; 7, P. brenneri; 8, P. conspicua; 9, P. rodasii; 10, P. rwandensis; 11, P. wallisii; 12, P. eucalypti; 13, P. vagans; 14, P. anthophila; 15, P. deleyi; 16, P. agglomerans; 17, P. dispersa; 18, P. allii; 19, P. ananatis; 20, P. stewartii subsp. stewartii; 21, P. stewartii subsp. indologenes. Data were taken from the following sources: taxa 1-3 from this study; taxa 4-8 from Brady et al. Citrate utilization 2 + + D + + + + 2 2 + 2 2 ND 2 + + + + 2 + Indol production 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 + + 2 + Acetoin production 2 + + ND ND ND ND ND + ND ND + + + + + + + + 2 + Gelatinase 2 2 + ND ND ND ND ND ND ND ND 2 2 ND 2 + + 2 2 2 2 Acid production from:
Glycerol 2 2 2 + + 2 2 + + + + 2 2 + + ND ND + + 2 + Potassium gluconate 2 + 2 + + + 2 + 2 2 2 2 2 2 2 ND ND 2 + 2 2 Potassium 2-ketogluconate 2 2 2 + + + + + 2 2 2 2 2 2 2 ND ND 2 2 2 2 Potassium 5-ketogluconate 2 + 2 2 + + 2 2 2 2 2 2 2 2 2 ND ND 2 + 2 + Pantoea (Brady et al., 2010) ; however, the isolate differed from the description in the lack of ability to produce acetoin. Differential phenotypic characteristics between strain QC88-366
T and related species of the genus Pantoea are summarized in Table 1 . On the basis of phenotypic characteristics, the isolate could be differentiated from P. gaviniae and P. calida by its inability to utilize citrate, and to ferment lactose, sucrose and raffinose. Details of the physiological and biochemical characteristics of strain T are given in the species description below. The DNA G+C content of strain QC88-366 T was 57.2 mol%. Comparison of the growth rate at 28 8C under aerobic conditions of strains QC88-366 T , P. calida LMG 25383 T and P. gaviniae LMG 25382 T showed their growth curves were very similar with cells reaching the stationary phase after 21 h of cultivation, and the generation times were 44-45 min. The whole-cell fatty acid methyl ester composition was determined for strain T and the type strains of P. calida and P. gaviniae. Several loopfuls of cells grown on trypticase soy agar for 24 h at 28 8C (stationary phase) were preliminarily lyophilized in a screw capped glass tube (Q16.56125 mm) and dissolved in 0.2 ml toluene. To the cell solution, 1.6 ml methanol, 0.05 ml 2,2-dimethoxypropane and 0.2 ml of concentrated H 2 SO 4 (96 %, w/w) were added in this order. The tube was mixed and heated at 80 8C for 30 min. After cooling to room temperature, 1 ml of saturated sodium bicarbonate solution and 2 ml of n-hexane were added, and the tube was then shaken well. The tube was centrifuged at 1000 g for 10 min, and the hexane layer was then analysed by GC after dehydration through a sodium sulfate column. The fatty acid methyl esters were analysed by flame ionization detector GC (Agilent 6890) and GC-MS (Agilent 5973N) equipped with a DB-5MS column (30 m by 0.25 mm inner diameter, 0.25 mm tick) and helium as the carrier gas (1.2 ml min 21 constant flow). The GC conditions were as follows: the initial temperature was held at 170 8C for 1 min, then increased at 5 8C min 21 up to 180 8C, then at 10 8C min 21 up to 240 8C and finally increased to 300 8C at 30 8C min 21 and held for 2 min. GC-MS was used in identifying peaks.
The predominant cellular fatty acids of strain QC88-366 T were C 16 : 0 , C 18 : 1 and C 16 : 1 , with C 14 : 0 3-OH, C 14 : 0 , C 12 : 0 , C 18 : 2 and C 17 : 0 cyclo as minor components ( Table 2 ). The fatty acid composition was similar to those of P. gaviniae and P. calida. However, strain QC88-366 T could be distinguished from these related species by its larger ratio of C 17 : 0 cyclo and C 18 : 2 , and smaller ratio of C 16 : 1 and C 18 : 1 . The percentages of peak areas for the fatty acids are presented in Table 2 . In this study, it was revealed that some species of the genus Pantoea could produce linoleic acid (C 18 : 2 ), and unconfirmed fatty acids named as summed features 2 and 3 by the MIDI system were identified as C 14 : 0 2-OH and C 16 : 1 , respectively.
The results from 16S rRNA and MLSA of concatenated partial gyrB, rpoB, infB and atpD gene sequences indicated that strain QC88-366
T represents a novel species within the genus Pantoea, which was further supported based on differential phenotypic characteristics. Therefore, we suggest that strain QC88-366 T represents a novel species of the genus Pantoea, for which the name Pantoea theicola sp. nov. is proposed.
Description of Pantoea theicola sp. nov.
Cells are Gram-stain-negative, motile short rods (0.8-1.2|1.5-3.0 mm) occurring singly or in pairs. Facultatively anaerobic growth is weak. After 24 h of aerobic incubation at 30 uC on tripticase soy agar medium, colonies are circular, non-pigmented and convex with a diameter of approximately 0.6-1.0 mm. Growth occurs at 10-40 uC, but not at 5 or 45 uC. The optimum growth temperature is 30 uC. Growth occurs at pH 5-9, with optimum growth at pH 7. Oxidase-negative and catalase-positive. Positive for bgalactosidase, but negative for b-glucuronidase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, tryptophan deaminase, gelatinase and urease. NO 2 is produced, but not reduced to N 2 gas. 
